This retrospective study evaluated facial profile pleasantness determined by two protocols of Class II treatment. The sample comprised facial profile silhouettes obtained retrospectively from the pretreatment (T1) and posttreatment (T2) cephalograms of 60 patients (42 males and 18 females) divided into two groups. One group of 30 patients (mean age of 12.84 years) was treated with the extraction of maxillary first premolars (mean treatment time of 2.7 years), and the other group of 30 patients (mean age of 12.81 years) was treated with a mandibular advancement appliance (Forsus) (mean treatment time of 2.49 years). The facial profile silhouettes (T1 and T2) were randomly distributed in an album containing one patient per sheet. The examiners consisted of 60 orthodontists and 60 lay individuals, who analyzed the profiles in regard to facial pleasantness, using the Likert scale. A comparison between stages T1 and T2 of the two treatment protocols and between the examiners was performed by mixed-design analysis of variance at a significance level of 5%. The results demonstrated a significant difference between T1 and T2 (greater scores for T2 compared to T1), and between lay individuals and orthodontists (orthodontists assigned higher scores), but with no significant difference between the treatment protocols. Both protocols produced positive effects on the facial profile esthetics, from the standpoint of lay individuals and orthodontists.
Introduction
Class II malocclusion is the most frequent sagittal discrepancy in orthodontic offices, presenting high prevalence (38%) early in childhood, without presenting self-correction. 1 Maxillary protrusion and/or mandibular retrusion are the etiologic factors involved in this discrepancy, leading to maxillomandibular sagittal step, increased overjet and convex facial profile. Several treatment protocols have been proposed depending on the location of the dysplasia, including headgear, appliances for maxillary molar distalization, mandibular anterior repositioning, extraction of premolars and mechanics with Class II elastics. 2, 3, 4, 5 For more than one century, Class II division 1 malocclusion has been treated with different types of functional appliances for mandibular Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript. advancement, considering the predominance of retrognathism in this malocclusion. For this reason, several mandibular anterior repositioning appliances are available in the market (Bionator, Herbst, Forsus, Twin-Force, etc.). 6, 7, 8 The Forsus FRD appliance is a semi-rigid device that provides greater flexibility in mandibular positioning, thus making it better accepted by patients. The dentoalveolar effects produced by the therapy using Forsus promote sagittal correction of Class II malocclusion. The sagittal occlusal relationships are significantly enhanced with distal movement of maxillary molars and mesial movement of mandibular molars. The improvement in the facial profile is evidenced by changes in soft tissue cephalometric measurements with retrusion of the upper lip and protrusion of the lower lip. 9 Considering the multifactorial etiology of this malocclusion, and the different treatment protocols suggested, it is interesting that there is no consensus among specialists regarding the best method to correct the discrepancy. Some authors believe that the systematic adoption of therapy with extraction may provide unfavorable results for the patient's facial esthetics. Analytically, some investigators have conducted studies to evaluate the effects of Class II treatment by premolar extraction on facial profile esthetics, and have found that this method does not seem to cause harmful effects on the facial profile. The effects were very similar on soft tissues, and the improvement in facial profile was more beneficial with the extraction of premolars than treatment without extraction. 10, 11, 12 Today's growing interest in facial esthetics has been increasing the search for orthodontic treatment. As a result, modern orthodontics seeks advances not only for dental correction, but also for ways to improve facial esthetics. Facial attractiveness is positively correlated with self-esteem, and both interpersonal and professional relationships. 13 Since beauty standards differ according to the perception of lay individuals and orthodontists, it is fundamental to know the opinion of both groups. Satisfaction with facial and dental appearance is a predictor for knowing patients' expectations toward orthodontic treatment. 14 Several studies in the literature demonstrate the efficacy of the Forsus appliance and the protocol for correction of Class II malocclusion by extraction. 8, 9, 10, 11 However, orthodontic planning should achieve dental corrections by considering the soft tissue responses not only in terms of the cephalometric numerical values, but especially the impact on the facial profile. Therefore, this study analyzed the facial pleasantness of patients treated with Forsus and with the extraction of maxillary premolars, according to orthodontists and lay individuals.
Methodology
This retrospective study was approved by the Research Ethics Committee of the Sagrado Coração University, under protocol no. 2.138.340.
The sample calculation of the number of patients required for each group was based on a study by Pithon et al., 15 in which the greatest standard deviation of scores assigned was 1.25. Thus, considering a significance level of 5% and power of 80%, with a minimum difference of 1.0 between the two groups, a minimum sample of 26 patients was calculated for each group. As for the number of evaluators, a comparison performed by a paired model, considering a significance level of 5% and a power of 80% to detect a minimum difference of 0.5 between the two groups, revealed a minimum of 51 examiners in each group.
The study sample comprised 60 patients treated by corrective orthodontics; one group of 30 patients was treated by extraction of maxillary first premolars, and the other group of 30 patients was treated with the Forsus appliance (3M Unitek, Monrovia, CA, USA). The following inclusion criteria were observed for sample selection: patients presenting initial and final lateral cephalograms; presence of bilateral Class II division 1 malocclusion; absence of hypodontia or permanent tooth loss, except for the third molars; absence of supernumerary or impacted teeth, or dental anomalies of size and/or shape; absence of mandibular crowding; convex facial profile; and increased overjet.
The groups were compatible concerning gender, initial and final age, treatment time and cephalometric measurements ( Table 1 ). In the extraction group, patients were treated by extraction of maxillary first premolars. This group was composed of 20 males (66.7%) and 10 females (33.3%), with an initial mean age of 12.84 years, and a final mean age of 15.52 years ( Table 1) . The patients were treated in a private office, with preadjusted fixed orthodontic appliance slot.022" x.028", using only a transpalatal arch (TPA) as anchorage ( Figure 1 ). The retraction of anterior teeth was performed using sliding mechanics, with chain elastics from the mesial surface of the maxillary canines to the tube on the maxillary first molars. Class II elastics were used to enhance the correction of malocclusion. The mean treatment time was 2.7 years (32.4 months).
The patients of the Forsus group were treated at the Post Graduation Clinic of the Universidade Sagrado Coração, and comprised 22 males (73.3%) and 8 females (26.7%), with an initial mean age of 12.82 years and a final mean age of 15.31 years ( Figure 1 ). They were treated with preadjusted fixed orthodontic appliance slot.022" x.028". The Forsus appliance was installed after leveling and aligning.019" x.025" stainless steel archwires placed on the maxillary and mandibular arches. Class II elastics were used to enhance the malocclusion correction. The mean treatment time with the Forsus appliance was 6.94 months, and the total treatment time associated with corrective orthodontics was 2.49 years (29.9 months).
The soft tissue profile tracings were obtained from lateral cephalograms pre-(T1) and posttreatment (T2) for each patient, by a single investigator (A.D.R) in a dark room, to facilitate the identification of anatomical structures. The soft tissue outline was traced with a 0.5 mm HB pencil on an Ultraphan paper sheet 0.07-mm thick and 17.5-mm wide and 17.5-mm long, adapted to the 120 cephalograms. The tracings were scanned and transferred to a computer, and the facial profile silhouettes were filled on Adobe Photoshop CC2018* software (Adobe Systems, San Jose, USA) by a single computer technician. The two profile silhouettes (pre-and posttreatment) of each patient were randomly inserted on the same sheet, i.e., the pretreatment profile could be on the right or left of the page, producing an album with the 120 silhouettes of the 60 patients. Two groups of evaluators participated in the study to score the profiles of each patient. The group of lay individuals was composed of 60 individuals without any knowledge of dentistry, 30 males (50%) and 30 females (50%), with a mean age of 32.46 years. The group of orthodontists included 60 Each evaluator received an album containing the profile silhouettes of the 60 patients, and instructions on how to fill out the scores on pleasantness. The examiners were requested to score the facial profiles (A and B) using a Likert scale, as follows: 1-very unpleasant, 2-unpleasant, 3-acceptable, 4-pleasant and 5-very pleasant. The examiner had to write an "x" on the boxes corresponding to both profiles ( Figure 2 ).
Statistical analysis
The scores assigned to facial profile pleasantness were described as means and standard deviations. All measurements passed the Kolmogorov-Smirnov normality test.
Comparison of the characteristics of the sample for the two treatment protocols was performed with an independent t-test. Comparison between the protocols (extraction versus Forsus), stages (T1 and T2) and evaluators (lay individuals and orthodontists) was performed by three-way mixed-model analysis of variance. All tests were applied at a significance level of 5%. All statistical procedures were performed using SPSS Statistics software version 25 (SPSS, Chicago, USA).
Agreement test
The 120 profile silhouettes were re-examined by 30% of the lay individuals and 30% of the orthodontists, both selected randomly, three weeks after the first evaluation. The intraexaminer agreement was calculated by the weighed kappa. The kappa statistics revealed values of 0.56 for lay individuals and 0.61 for orthodontists. According to Landis and Koch, 16 the agreement was considered moderate for lay individuals and substantial for orthodontists.
Results
The results revealed no significant difference between the extraction and the Forsus treatment protocols. There was significant difference between stages T1 and T2 (with greater scores at T2 than T1), for both protocols analyzed. Concerning the group of examiners, there was significant difference between lay individuals and orthodontists (with greater scores given by orthodontists than lay individuals).
Discussion
Orthodontic treatment has been using a more therapeutic approach in its ongoing search to enhance facial esthetics, particularly one not solely restricted to dental corrections. The present investigation used an original method to perform a subjective analysis based on comparing the facial profile esthetics of patients with Class II malocclusion treated with the Forsus appliance versus extraction of maxillary premolars. The literature presents several studies related to determining facial attractiveness, based on cephalometric measurements. 4, 6, 9, 12 However, it is interesting to analyze whether a certain treatment protocol may offer more benefits for enhancing attractiveness, in the opinion of both lay individuals and orthodontists, considering that beauty standards range according to the individual viewpoint of the observer. Some investigators have used photographs to analyze facial esthetics, basing the outcome of a pleasant face on several aspects, including color of skin and eyes, hair, age and ethnicity. 14, 17, 18 However, aspects that influence examiners' perceptions of facial attractiveness may be eliminated by using profile silhouettes. 15, 19, 20, 21, 22 The concept that orthodontic treatment by extraction of premolars damages facial profile esthetics often keeps the orthodontist back from choosing this option in devising the treatment planning. In this respect, over the years, orthodontists have been investigating the relationship between facial profile esthetics and orthodontic treatment by tooth extraction. 2, 10, 23, 24, 25 The results of the present study revealed no significant difference between the protocols using extraction versus a mandibular advancement appliance (Table 2) , i.e., both treatment protocols provided positive changes to the patients' faces ( Table 3 ).
The mean scores were higher for posttreatment in the group treated with extraction of premolars than pretreatment (Table 3) . Therefore, the possible soft tissue changes promoted by the protocol with extraction proved extremely beneficial to the facial profile esthetics. Similar results were found in studies analyzing the soft tissue profile after orthodontic treatment with extraction. 11, 20, 23, 24 Conversely, it has been reported that the greatest benefit of treatment by extraction is achieved in cases with greater dental protrusion, marked crowding, and thick and protruded lips. 10, 11, 26 However, in individuals presenting a thin upper lip and an increased nasolabial angle at pretreatment, extraction may affect the upper lip positioning negatively and increase the nasolabial angle. 27 Studies analyzing the long-term influence of treatment by extraction on facial esthetics concluded that this treatment does not negatively influence facial attractiveness in Class II malocclusions. 23, 24, 26, 28 Just like the extraction group, treatment with the Forsus appliance also produced positive changes in the facial profile; however, both groups of evaluators assigned greater scores to the Forsus appliance at posttreatment (Table 3) , thus corroborating other studies that used fixed functional appliances to achieve an improvement in the facial profile. 4, 21, 29 Even though the protocols for both extraction and Forsus achieved favorable results, the observation between lay individuals and orthodontists was different concerning the facial impact, in that the impact was more perceptible to orthodontists. Other studies 21, 22, 29 also observed differences in the opinion of lay individuals and orthodontists.
The results demon st rated a stat ist ically significant difference (p=0.003) in the opinion of lay individuals and orthodontists, even though both evaluated the posttreatment profile as more pleasant (Table 4 ). This corroborates the study by Almeida-Pedrin et al. 20 , who analyzed the facial profile changes promoted by orthodontic treatment with the extraction of two maxillary first premolars, and revealed that 83 out of 90 examiners preferred the posttreatment profile.
As corroborated by their study, the investigations made into facial attractiveness by evaluating the soft tissue profile have demonstrated that the differences in the outcomes are viewed differently by orthodontists and lay individuals. 9, 21, 22 An evaluation by Paula et al. 21 of the treatment effects achieved by the mandibular protraction appliance (MPA) on the profile silhouettes showed that there was a difference in the perception of these effects by examiners. They found that lay individuals identified the difference between the pre-and posttreatment silhouettes as being greater than the orthodontists, unlike the present study, in which the orthodontists assigned greater scores to the posttreatment outlines. This discordance might be attributed to the different methodology applied. Despite this disagreement, the groups of examiners in both studies identified improvements in the posttreatment profile.
Likewise, Rego et al. 29 reported that lay individuals quantified soft tissue changes as greater after treatment with the Herbst appliance. However, in the present study, the results presented in Table 4 reveal a significant difference between the examiners (p = 0.003), in that the orthodontists were more permissive in their evaluation, by assigning greater scores to the pleasantness of facial profile. This may be explained by the technical knowledge of professionals, since orthodontists understand how difficult it is to achieve skeletal changes in orthodontic treatments.
Among all the aspects analyzed in this study, the most important result was surely that of certifying that both protocols produced a positive effect on facial profile esthetics, and that the mean posttreatment scores were higher for both groups of examiners. It should be highlighted that the improvement in facial profile may also be attributed to the natural growth of the individuals analyzed.
Therefore, both treatments ultimately led to a noticeable improvement in facial pleasantness, considering that the patients were scored as having unpleasant/acceptable faces in stage T1 (pretreatment), and that this score improved substantially in stage T2 (posttreatment), when the profile silhouettes were closer to acceptable.
Conclusions
The orthodontic treatment of Class II division 1 malocclusion both with extraction of maxillary first premolars and with the Forsus appliance had positive effects on facial profile esthetics, as evaluated by both lay examiners and orthodontists, who assigned greater scores to the posttreatment profile.
Both treatment protocols produced similar results on the facial profile esthetics.
The group of orthodontists assigned higher scores to both pre-and posttreatment profiles than lay individuals.
